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ABSTRACT 
As t n e  p r i c e s  o f  f u e l  f a D r i c a t i n g ,  sh ipp ing ,  and r e p r o c e s s i n g  cor i t inue 
t o  r i s e  a t  r a p i d  r a t e s ,  research  people look f o r  a l t e r n a t e  methods t o  keep 
t h e i r  r e a c t o r  f u e l  c o s t s  w i t h i n  l i m i t e d  funds. Extending f u e l  element 
l i f e t i m e s  w i t n o u t  j e o p a r d i z i n g  r e a c t o r  Safety  Carl reduce f u e l  c o s t s  by up 
t o  a f a c t o r  o f  two. But t o  g a i n  t h i s  f a c t o r ,  Some f u e l  p l a t e  t e s t s  must be 
performed t o  t h e  h i g h e r  burnup t o  v e r i f y  burnup f u e l  p l a t e  performance. 
I n  t h i s  proposed t e s t ,  f u e l  p l a t e s  w i l l  
I .  Be c o n s t r u c t e d  t o  a maximum f u e l  l o a d i n g  w h i m  can be produced on 
a commercial b a s i s  
2. Con ta in  a maximum boron c o n t e n t  as used i n  ATR t o  reduce i n i t i a l  
r e a c t o r  r e a c t i v i t y  
3. W i l l  De loaded k i t h  UA12  t o  o b t a i n  h i g h e r  uranium c o n t e n t  and 
D e t t e r  o p e r a t i n g  performance over UA13. 
One s e t  of UA13  p l a t e s  w i l l  be i n c l u d e d  as a b a s e l i n e  case. When 
t h i s  t e s t  program i s  completed, r e s u l t s  a re  expected t o  p r o v i d e  t h e  
M i s s o u r i  U n i v e r s i t y  and t n e  Massachusetts I n s t i t u t e  o f  Technology research  
r e a c t o r s  u s i n g  aluminum f u e l  p l a t e s  w i t h  t h e  t e c h n i c a l  , j u s t i f i c a t i o n  f o r  
u s i n g  h i g h  Durriup, l o n g  l i f e  f u e l  elements. Fuel  c o s t  sav ings a t  M i s s o u r i  
U n i v e r s i t y  Researcn Reactor (MUKR) a lone  would be about $250,000 p e r  yea r .  
ii 
FOR WARD 
The low-en r i  cnment p l a t e  development program seeks t o  reduce 
enr ichment  l e v e l s  i n  most research  r e a c t o r s  by coup1 i n g  an enr ichment  
r e d u c t i o n  k i t h  i nc reased  uranium weignt  over p resen t  l o a d i n g s .  But s e v e r a l  
u n i v e r s i t y  t e s t  r e a c t o r s  cannot c o n t i n u e  p resen t  performance l e v e l s  w i t n  
reduced f u e l  enr ichment .  The Idaho N a t i o n a l  Eng ineer ing  L a b o r a t o r y  (INEL) 
has t h e  r e s p o n s i b i l i t y  t o  D O E - I D  o f  p r o v i d i n g  f u e l  elenierrts f o r  these 
r e a c t o r s  under t n e  u n i v e r s i t y  f u e l  procurement Test,  Research and T r a i n i n g  
Reactor (TRTR) program. 
Tne p lanned i r r a d i a t i o n  t e s t  program comDines a f u e l  p l a t e  burnup 
program w i t h  a f u s i o n  i n s u l a t o r  i r r a d i a t i o n  program t o  meet t h e  
reau i remen ts  o f  oo th  programs a t  a c o n s i d e r a b l e  overa-11 c o s t  sav ings.  
R e s u l t s  f r o m  t n i s  program w i l l  p r o v i d e :  
1 .  These two research  r e a c t o r s  w i t n  exper imen ta l  r e s u l t s  t o  j u s t i f y  
h i g h - l e v e l  Durnup o f  h e a v i l y  loaded f u e l  e lements a t  a 
c o n s i d e r a b l e  c o s t  r e d u c t i o n  t o  themselves arid DOE. T h i s  w i  I I 
a l s o  a s s i s t  t n e  n a t i o n ' s  n o n p r o l i f e r a t i o n  e f f o r t s  by r e d u c i n g  t h e  
number o f  f u l l y  e n r i c h e d  uranium shipments. 
2. Tne f u s i o n  program w i t h  a r a d i a t i o n  f a c i l i t y  f o r  damaqe 
measurements on numerous magne t  i n s u l a t o r  cand i i l d te  m a t e r i a l s .  
The f u s i o n  work r e a u i r e s  a h a r d  n e u t r o n  spectrum w i t h  aDSOrbed doses 
, o f  f a s t  neu t rons  and gammas t o  be about one t o  one. Tne Advanced Test  
Reactor  (ATR) I - h o l e s  meet t h e  need f o r  s i z e  and low gamma h e a t i n g  b u t  l a c k  
t h e  r e a u i r e d  f a s t  n e u t r o n  f l u x .  Fuel  p l a t e s  ar ranged around t h e  capsule 
r e g i o n  k i l l  p r o v i d e  t h e  f a s t  n e u t r o n  f l u x  and p r o v i d e  a dosage r a t i o  
r e a u i r e d  by t n i s  program. Tne remainder o f  t h e  r e p o r t   ill De l i r n i t e d  t u  
t n e  d i s c u s s i o n  o f  t h e  f u e l  p l a t e  i r r a d i a t i o n  program. 
iii 
Support f o r  a h e a v i l y  loaded h i g n  burnup f u e l  p l a t e  i r r a d i a t i o n  
program has been r e c e i v e d  f r o m  t h e  M issour i  U n i v e r s i t y  Research Reactor  
(MURR) and t n e  Massachusetts I n s t i t u t e  o f  Technology Reactor  (MITR). Th is  
suppor t  i s  a r e s u l t  o f  t h e  f u e l  c o s t  sav ings t o  De r e a l i z e d  f r o m  h i g h  
burnup r e a c t o r  c o r e  l oad ing .  
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I N  TROD UCT I O N  
The Fue l  P l a t e  and Fus ion  I n s u l a t o r  I r r a d i a t i o n  Test  Program w i  I 1  De 
conducted under t h e  Test ,  Research and T r a i n i n g  Reactor (TKTR) Program ny 
EGlGG Idano I n c .  The t e s t  s e r i e s  w i l l  d e f i n e  t h e  Denavior o f  n e a v i l y  loaded 
i r r a d i a t e d  a l u m i n i d e  p l a t e  f u e l  d u r i n g  l ong - te rm r e a c t o r  c o d i t i o n s ,  i .e . ,  
n i  gn Durnup. 
T n i s  r e p o r t  o u t l i n e s  t h e  proposed t e s t  program as e n v i s i o n e d  ~y 
EG&G Idaho Inc . ,  and approved by b o t h  U n i v e r s i t y  o f  M i s s o u r i  and 
Massacnusetts I n s t i t u t e  o f  Technology r e a c t o r  managements. The o D j e c t i v e  
of t h i s  t e s t  i s  t o  p r o v i d e  these r e a c t o r  managers w i t h  exper imen ta l  suppor t  
da ta  needed t o  reques t  t h e  use o f  n i g h e r  loaded f u e l  elemerlts t o  a n i g n e r  
burnup l i m i t  than i s  a l l owed  a t  p resen t .  
TEST PROGRAM 
Proaram D e f i n i t i o n  
A t  t h e  meet ing on March 27, and 28, 1980, t h e  p a r t i c i p a t i n g  
u n i v e r s i t i e s ,  t h e  Department o f  Energy (DOE), t h e  Nuclear R e g u l a t o r y  
Commission (NRC), Atomics I n t e r n a t i o n a l  ( A I ) ,  and EG&G Idano, Iric., met t o  
f o r m u l a t e  a t e s t  program which would p r o v i d e  each u n i v e r s i t y  r e a c t o r  
program w i t h  t h e  r e a u i r e d  t e s t  data.  A program m a t r i x  was generated as 
snown i n  T a D l e  1. F i v e  s e t s  of p l a t e s  were reaues ted  i f  t h e  geometry c o u l d  
be arranged. Parameters i n  t h e  t e s t  m a t r i x  were s e l e c t e d  f o r  h i g h e s t  
p r o b a b i l i t y  o f  f a i l u r e .  Worst case would be low v o i d  pe rcen t ,  maxinrum 
boron c o n t e n t ,  h i g n  burnup, and h i g n  f u e l  l o a d i n g .  S ince t h e  v o i d  pe rcen t  
cannot  De c o n t r o l l e a  i n  t h e  f u e l  f a b r i c a t i o n ,  p l a t e s  w i t h  t n e  lowest v o i d  
pe rcen t  w i l l  be s e l e c t e d  f r o m  tnose  f a b r i c a t e d  and p laced  i n  t h e  h i g h e s t  
Durnup p o s i t i o n s .  Tne boron c o n t e n t  f o r  a l l  p l a t e s  h i l l  be s e t  a t  t h e  same 
l e v e l  as t h e  maximum boron used i n  Advanced Tes t  Reactor (ATR) f u e l .  
Maximum burnup i n  t n i s  t e s t  w i l l  De about 3.3 x l o 2 ’  f i s s i o n / c m  , o r  3 
t w i c e  w h a t  i s  p r e s e n t l y  a l l owed  a t  t h e  M i s s o u r i  U n i v e r s i t y  Research Reactor 
(MURR). The 50 volume pe rcen t  ( V / % )  t e s t  w i l l  be f o r  t h e  maximuni V / %  
compos i t i on  f o r  which a u a l i t y  p l a t e s  can be f a b r i c a t e d  and abbve what t h e  
u n i v e r s i t i e s  expect  t o  use. Each t e s t  i n  TaDle 1 c o n t a i n s  t h r e e  p l a t e s .  
Eacn p l a t e  w i l l  nave a d i f f e r e n t  burnup. Burnup w i l l  v a r y  about a f a c t o r  
o f  t k o  f r o m  minimum t o  maximum Durnup. 
Es t ima ted  maximum Durnup w i l l  be reached i n  18 t o  20 ATR 30-day 
c y c l e s .  A l l  p l a t e s  w i l l  be s t o r e d  i n  t h e  ATR canal  u n t i l  t h e  Grid o f  t e s t .  
Tney h i l l  De t r a n s f e r r e d  t o  t h e  h o t  c e l l  i n  one shipment. F i g u r e  1 i s  t h e  
t e n t a t i v e  c o n s t r u c t i o n  and t e s t  program schedule.  F i g u r e  2 i s  a d e t a i l e d  
c o n s t r u c t i o n  schedule l e a d i n g  t o  r e a c t o r  i n s e r t i o n  i r i  t h e  m id  January 
snutdown. As i s  S h O W ,  f u e l  p l a t e  c o n s t r u c t i o n  i s  on t h e  c r i t i c a l  pa th .  
Twelve f u e l  p l a t e s  w i l l  be grouped by t h r e e  around a c e n t e r  capsule.  
A 1  1 p l a t e s  w i l l  be c o n s t r u c t e d  t o  t h e  same s p e c i f i c a t i o n  f o r  reduced c o s t ,  
o u t  t h e  V / %  arid d i s p e r s i o n s  w i l l  d i f f e r .  P l a t e  th i cknesses  w i l l  d u p l i c a t e  
MURR and ATR f u e l  p l a t e s  w i t h  a 0.020-in. co re  o f  f u l l y  e n r i c h e d  
P l a t e s  w i l l  De 1 i n .  b i d e  ~y 0.050 i n .  t h i c k  and c o n s t r u c t e d  o f  6061 
aluminum. Tne f u e l  co re  w i l l  be a p p r o x i m a t l y  0.8 i n .  wide and 10-1/2 i n .  
long.  
235,, 
The f u e l  p l a t e s  w i l l  c o n t a i n  a t o t a l  o f  about 70 g o f  235U (an o r d e r  
Because t h e  I - h o l e s  o f  magnitude below a minimum optimum c r i t i c a l  mass). 
are l o c a t e d  o u t s i d e  t h e  Shims, i n s e r t i o n  o f  f u e l  i n  t h i s  p o s i t l o n  will have 
l i t t l e  e f f e c t  on t h e  c o r e  r e a c t i v i t y .  The ATR I - h o l e  thermal f l u x  w i l l  
produce t h e  f u e l  p l a t e  temperatures near  what i s  exper ienced i n  t h e  MURR 
and t h e  Massachusetts I n s t i t u t e  o f  Tecnnology Reactor (MITR). R e s u l t s  o f  
burnup t e s t s  shou ld  De d i r e c t l y  a p p l i c a o l e  t o  these  t h o  r e a c t o r s .  
2 
L 
UA1 -2 Versus UA13 Fue l  Core M a t r i x  
Cons ide rab le  r a d i a t i o n  t e s t i n g  has been done w i t h  U A l x  powder i n  
which UA13 i s  the  p r i n c i p a l  c r y s t a l l i n e  c o n s t i t u e n t ;  and seve ra l  y e a r s  of 
o p e r a t i o n a l  exper ience  a t  ATR and o t h e r  r e a c t o r s  has j u s t i f i e d  t h e  MURR 
maximum burnup o f  1.8 x 10” f i s s i o n s / c m  . 
been extended i n  s teps  t o  a f i s s i o n  d e n s i t y  of 2.3 x 10” f i s s i o n s / c m  
i n  a 62.8 w t %  UA13 core.  A r e c e n t  r e p o r t  by  Beeston e t  al.,’ i n d i c a t e s  
t h a t  an e x t e n t i o n  t o  2.7 x 10” f i s s i o n s / c m  
3 The ATR burnup l i m i t  has 
3 
3 of c o r e  i s  p o s s i b l e .  
The f u e l  powder compos i t i on  which i s  p redominan t l y  UA13 was 
o r g i n a l l y  chosen s i n c e  t h e  powder can be prepared i n  a i r .  
2 more p y r o p h o r i c  than UA13. 
a t  K a r l s r u h e  on i r r a d i a t i o n  behav io r  of UA12-A1 and UA13-A1 d i s p e r s i o n  
f u e l s  f o r  thermal h i g h  f l u x  r e a c t o r s .  A l though t h e y  d i d  n o t  s tudy  t h e  
burnup range o f  ou r  r e q u i r e d  f u e l  l oad ing ,  d a t a  s t r o n g l y  suggest t h a t  f o r  
h i g h  loaded, h i g h  burnup f u e l  p l a t e s ,  UA12-A1 d i s p e r s i o n  per forms 
c o n s i d e r a b l y  b e t t e r  than UA13-A1. 
UA12 powder i s  
Some work has been done by D i e n s t  e t  a l . ,  
3 The d e n s i t y  of t he  U A l x  powder now used i s  6.2 g/cm w i t h  a 
uranium c o n t e n t  o f  71.5%. Therefore,  t he  uranium con ten t  of 
U A l x  powder = 6.2 g/cm x 0.715 = 4.43 g/cm . 
of UA12 i s  6.64 g/cm3 o r  50% h igher .  
o f  m e t a l l i c  uranium t h e  t a r g e t  uranium c o n t e n t  w i l l  be  80%, s l i g h t l y  
h y p o s t o i c h i o m e t r i c .  A t  80%, t h e  uranium d e n s i t y  i s  c a l c u l a t e d  t o  be 
6.26 g/cm . To ge t  t h e  same uranium c o n t e n t  when UA12 powder i s  
s u b s t i t u t e d  f o r  U A l x  powder u n t i l  uranium c o n t e n t  i s  80%, we ge t  
3 3 3 The uranium c o n t e n t  
However, t o  avo id  t h e  f o r m a t i o n  
3 
4 * 4 3  x 100 = 71% 6.26 
i .e., we w i l l  use 29% l e s s  t o  achieve t h e  same uranium d e n s i t y  f u e l  powder. 
3 
The r e c e n t  r o l l i n g  t e s t  program a t  Atomics I n t e r n a t i o n a l 4  ( A I )  
i n d i c a t e s  c u r r e n t  t echno logy  can be used t o  produce q u a l i t y  f u e l  p l a t e s  on 
a p r o d u c t i o n  l i n e  b a s i s  w i t h  f u e l  cores  c o n t a i n i n g  up t o  50 volume pe rcen t  
( V / % )  U A l x .  
c o r e  i s  2.22 g/cm If t h e  U A l x  powder i s  r e p l a c e d  b y  
UA12, t h e  uranium c o n c e n t r a t i o n  can be i nc reased  t o  3.13 g/cm 
(0.5 x 6.26). 
The uranium c o n c e n t r a t i o n  f o r  a 50 V/% conven t iona l  f u e l  
3 (0.5 x 4.43). 
3 
However, MURR and MITR f u e l  p l a t e s  a r e  c u r r e n t l y  b e i n g  made w i t h  a uranium 
c o n t e n t  o f  1.6 g/cm o r  about  h a l f  t h e  p o s s i b l e  f u e l  c o n t e n t  l i m i t .  
Therefore,  b y  u s i n g  t h e  r e c e n t  A I  r o l l i n g  d a t a  and UA12 powder, t h e  
uranium c o n t e n t  i n  t h e  p l a t e s  can be  i nc reased  f r o m  t h e  p resen t  va lue  b y  
t h e  amount 
3 
(3.13 1 6 - 1.00) x 100 = 95% . 
T h i s  i n c r e a s e  w i l l  be i m p o r t a n t  where l o n g  l i f e  e lements a r e  d e s i r e d  
a l though some r e a c t o r s  a t  p resen t  may n o t  be a b l e  t o  t a k e  f u l l  advantage o f  
t h e  f u l l  95% due t o  excess r e a c t i v i t y  l i m i t a t i o n s .  
A l though UA12 i s  more py rophor i c  than  UA13, i t  i s  b e l i e v e d  t h a t  
f a b r i c a t i o n  techn iques  used a t  A I  a r e  compa t ib le  w i t h  e i t h e r  d i spe rs ion .  
The g l o v e  boxes a t  A I  use an argon atmosphere w i t h  a maximum oxygen c o n t e n t  
o f  4%. Th is  burnup t e s t  w i l l  c o n f i r m  t h e  per formance o f  h i g h  we igh t  
p e r c e n t  uranium load ings  a t  h i g h  burnup. 
4 
Fuel Plate Fixture 
The twelve plates  will be held a t  the reactor center l ine  and spaced 
0.087 in.  a p a r t ,  i . e . ,  the same as university a n d  ATR fuel element plates. 
The f ix tu re  will be kept in the highest f lux ATR I-hole each cycle. 
Figure 3 i s  of the ATR core showing location of the I-holes. 
will be positioned i n  a square array similar t o  t h a t  depicted in Figure 4. 
The f i x tu re  will extend above the core f o r  ease i n  removal. Integrated 
fluxes fo r  b o t h  thermal and  f a s t  neutrons will be determined from f o i l s  
located within the capsule. 
water cooling needed t o  provide the  r ight  cooling environment. 
completion of the t e s t ,  the f ix ture  will be transported by cask t o  the h o t  
c e l l s  fo r  plate  removal. The f ix tu re  will be stored in the ATR canal for  
1 year a f t e r  termination of t h i s  program in case further plate  tes t ing i s  
needed. 
The plates 
The f ix ture  will l imit  and  d i s t r ibu te  the 
A t  
Neutronic Calculations 
Neutronic calculations are required f o r  b o t h  i n i t i a l  design and 
b u r n u p .  
overlay of the fuel plate  f ix tu re  in one I-hole, f i s s ion  ra tes  and 
associated heating values will  be used fo r  thermal analysis and  calculated 
operating fuel plate temperatures. Additional PDQ calculations with R Z  
corrections a n d  f lux monitors will provide b u r n u p  numbers fo r  each cycle on 
e a c h  fuel p l a t e .  
Using the existing ATR two-dimensional diffusion code PDQ and an 
Fundi n q  
This i s  a j o in t ly  funded program as  shown in Table 2.  The University 
o f  Missouri will  fund AI fo r  the fuel plate  fabrication and inspection. 
The fusion program will provide program management, reporting, and a 
portion of the canal operation costs for  a to ta l  of $40,000. The remaining 
funding will come from the TRTR program. 
costs by year. 
Table 3 shows a breakdown of 
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FUEL PLATE CONSTRUCTION 
P l a t e  S p e c i f i c a t i o n s  
P l a t e  dimensions were s e l e c t e d  t o  f i t  t h e  ATR I - h o l e  c o n f i g u r a t i o n  and 
t o  p r o v i d e  t h e  p l a t e  a rea  r e q u i r e d  f o r  t e s t i n g .  Thickness o f  p l a t e s  and 
cores  and p l a t e  c o n s t r u c t i o n  methods were s e l e c t e d  t o  match t h e  MURR and 
ATR f u e l .  E x t r a p o l a t i o n  o f  t h e  t e s t  d a t a  t o  a 0.060-in. p l a t e  w i l l  p r o v i d e  
M I T  w i t h  t h e  r e q u i r e d  s u p p o r t i n g  d a t a  f o r  extended f u e l  burnup i n  t h e  M I T R .  
As p e r  t h e  EG&G Idaho, Inc., f u e l  p l a t e  d rawing  number 414489, t h e  
f i n i s h e d  p l a t e s  w i l l  measure 1.000 2 0.005 i n .  x 12.50 - + 0.03 i n .  
x 0.050 2 0.001 i n .  
0.8 i n .  x 10.5 i n .  
w i l l  p r o v i d e  a means f o r  i n d i v i d u a l  p l a t e  removal i n  t h e  cana l  o r  h o t  c e l l .  
The f u e l  c o r e  dimension w i l l  be app rox ima te l y  
A 3 /8 - in .  h o l e  cen te red  i n  t h e  t o p  end o f  each p l a t e  
Core M a t e r i a l  S p e c i f i c a t i o n s  
The uran ium-a lumin ide  powder w i l l  be p repared b y  A I ,  and f u e l  p l a t e s  
w i l l  be f a b r i c a t e d  acco rd ing  t o  t h e  Techn ica l  S p e c i f i c a t i o n s  Document 
ES-50607 w i t h  at tachments.  The Techn ica l  S p e c i f i c a t i o n s  a r e  i n c l u d e d  he re  
i n  t h e  appendix. 
a l l  batches. The m e t a l  i m p u r i t i e s  a r e  n o t  t o  exceed 0.3%, w i t h  no 
i n d i v i d u a l  i m p u r i t y  t o  exceed 600 p a r t s  p e r  m i l l i o n  (PPM). 
chemical  compos i t ions  as w e l l  as i m p u r i t i e s  w i l l  be measured and reco rded  
i n  a c e r t i f i e d  r e p o r t .  
The Uranium-235 enr ichment  s h a l l  be 93.0 2 1.0 w t %  f o r  
The 235U and 
The f i n i s h e d  ground and s i z e d  uran ium-a lumin ide  powder as determined 
No f r e e  m e t a l l i c  u ran ium w i l l  be p r e s e n t  
b y  X- ray  d i f f r a c t i o n  s h a l l  c o n t a i n  a t  l e a s t  70 w t %  UA12 o r  UA13 as 
r e q u i r e d  f o r  p l a t e  compos i t ion .  
i n  any powder sample. 
U.S. Standard mesh w i t h  up  t o  25 w t %  o f  t h e  m a t e r i a l  b e i n g  -325 
U.S. Standard mesh. 
P a r t i c l e  s i z e  s h a l l  be p redominan t l y  -100, +325 
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Q u a l i t y  Con t ro l  and I n s p e c t i o n  
N o n - d e s t r u c t i v e  t e s t i n g  (NDT) i n s p e c t i o n s  f o r  non-bond and minimum 
c l a d d i n g  t h i c k n e s s  w i l l  be acco rd ing  t o ,  and meet t h e  acceptance c r i t e r i a  
o f ,  t h e  ATR Fuel  Element S p e c i f i c a t i o n  IN-F-9-ATR, Rev. 5 and Assoc ia ted  
docunent. 
FUEL PLATE EXAMINATION PROGRAM 
The purpose o f  t h e  t h r e e  p a r t  examinat ion  program f o r  t h e s e  sample 
f u e l  p l a t e s  i s  t o  d e t e c t  t h e  changes which t a k e  p l a c e  as a r e s u l t  o f  i n p i l e  
r a d i a t i o n  exposure. S e l e c t i o n  o f  t h e  t e s t s  and p r o p e r t y  measurements i s  
based on t h e  l i k e l y  changes a n t i c i p a t e d .  It i s  e s s e n t i a l  t o  have good 
p r e i r r a d i a t i o n  c h a r a c t e r i z a t i o n  o f  sample p l a t e s  i n  o r d e r  t o  d e t e c t  t h e  
changes wh ich  have occurred.  
When uranium f i s s i o n s ,  t h e  f i s s i o n  p roduc ts  occupy more volume than  
I f  these  f i s s i o n  p roduc ts  a r e  n o t  accommodated i n  t h e  o r i g i n a l  uranium. 
t h e  f u e l  core,  t h e y  w i l l  cause t h e  f u e l  p l a t e  t o  s w e l l .  T h i s  s w e l l i n g  i s  
d e t e c t e d  b y  wa te r  immersion measurement techn iques  employ ing  t h e  Archimedes 
p r i n c i p l e .  
3 0.01 g/cm . 
The accuracy o f  t hese  d a t a  i n  terms of p l a t e  d e n s i t y  i s  
Some o f  t h e  f i s s i o n  p r o d u c t s  a r e  gaseous. These gaseous atoms may 
agglomerate i n  t h e  f u e l  p a r t i c l e s  and e x e r t  a p ressure .  The p ressu re  i s  
r e s i s t e d  b y  a s h e l l  o f  aluminum m a t r i x  m a t e r i a l .  
temperature,  t h e  m a t r i x  m a t e r i a l  w i l l  r u p t u r e  caus ing  b l i s t e r i n g  o f  t h e  
f u e l  p l a t e .  
p rocedure  b y  p o s t i r r a d i a t i o n ,  i nc remen ta l  h e a t  t rea tmen ts .  The inc remen ta l  
h e a t  t r e a t m e n t s  w i l l  be c o n t i n u e d  u n t i l  b l i s t e r i n g  occurs.  The c e n t e r  
t h i r d  o f  each p l a t e  w i l l  be used f o r  t h i s  p o r t i o n  o f  t h e  d e s t r u c t i v e  
examinat ions.  
shown i n  F i g u r e  5. D e t a i l s  o f  t h e  examinat ions  a r e  d iscussed below. 
A t  some t h r e s h o l d  
T h i s  c o n d i t i o n  i s  pu rpose ly  produced as p a r t  of t h e  t e s t  
A f l o w  c h a r t  showing t h e  examinat ions  t o  be conducted i s  
A 
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P r e i r r a d i a t i o n  Examinat ion 
A l l  f u e l  p l a t e s  w i l l  be i n s p e c t e d  t o  t h e  same c r i t e r i a  used f o r  t h e  
p l a t e s  i n  t h e  ATR f u e l  elements a t  A I  p r i o r  t o  shipment t o  INEL. 
a d d i t i o n ,  p r i o r  t o  t h e  p l a t e s  b e i n g  loaded i n t o  t h e  f i x t u r e  a t  INEL, t h e y  
w i l l  be examined on b o t h  s i d e s  f o r  m ino r  s u r f a c e  imper fec t i ons ,  and a l l  
d e f e c t s  w i l l  be reco rded  f o r  comparison a f t e r  i r r a d i a t i o n .  Minor  s u r f a c e  
i m p e r f e c t i o n s  a r e  those  which pass t h e  p l a t e  t e c h n i c a l  s p e c i f i c a t i o n s  and 
a re  o f  a s i z e  o r  n a t u r e  t h a t  under  l ong - te rm i r r a d i a t i o n  m i g h t  p ropagate  a 
f a i l u r e .  Photographs w i l l  be t a k e n  o f  b o t h  s ides .  Any i m p e r f e c t i o n s  which 
a r e  cons ide red  s e r i o u s  shou ld  be photographed a t  s u f f i c i e n t  m a g n i f i c a t i o n  
t o  c h a r a c t e r i z e  t h e  de fec t .  Weight, volume, and m u l t i p l e  t h i c k n e s s  
measurements w i l l  a l s o  be recorded.  
I n  
I n t e r i r r a d i a t i o n  Examinat ion 
When i t  has been de termined t h a t  t h e  burnup i n  any p l a t e  has exceeded 
a maximum burnup d e n s i t y  o f  3.0 x 1021 f iss ions/cm3,  as de termined b y  
f l u x  m o n i t o r s  and p h y s i c s  c a l c u l a t i o n s ,  t h e  f i x t u r e  w i l l  be removed f r o m  
t h e  I - h o l e  d u r i n g  one r e a c t o r  shutdown and p laced  on t h e  ATR Canal work ing  
p l a t f o r m .  The t o p  o f  t h e  f i x t u r e  w i l l  be removed and f u e l  p l a t e s  back 
l i g h t e d .  A v i s u a l  examina t ion  w i l l  be made t o  l o c a t e  any s u r f a c e  
b l i s t e r s .  I f  any p l a t e s  a r e  found b l i s t e r e d ,  t h e y  w i l l  be rep laced.  The 
f i x t u r e  w i l l  be reassembled and p laced  back i n  t h e  ATR I - h o l e  p r i o r  t o  
s t  a r t  up. 
Post  i r r a d i  a t  i o n  Exami n a t  i on 
V isua l  and Photographic  
Both  su r faces  o f  each p l a t e  w i l l  be v i s u a l l y  and p h o t o g r a p h i c a l l y  
examined. 
marks o r  sc ra tches ,  and s t a i n s  w i l l  be photographed. The photograph ic  
examinat ions w i l l  be compared w i t h  t h e  u n i r r a d i a t e d  examinat ions.  Sur faces 
should be examined f o r  p i t t i n g ,  b l i s t e r s ,  and o x i d e  spa1 l i n g .  




The p l a t e s  w i l l  be weighed, and t h e  d imensions w i l l  be  determined. 
The o x i d e  c o a t i n g s  w i l l  be measured u s i n g  eddy c u r r e n t  techn iques .  
Gamma Scans 
Gross gamma and s p e c t r a l  gamma scans w i l l  be conducted on a l l  p l a t e s .  
One a x i a l  scan a long t h e  c e n t e r  o f  each p l a t e  w i l l  be made u s i n g  a v e r t i c a l  
c o l l i m a t o r  s l i t ;  t r a n s v e r s e  scans u s i n g  a h o r i z o n t a l  c o l l i m a t o r  s l i t  w i l l  
be made a t  two a x i a l  l o c a t i o n s .  
D e n s i t y  De te rm ina t ion  
D e n s i t y  va lues  w i l l  be measured b y  immersion techn iques  on a l l  p l a t e s  
i n d i v i d u a l l y ,  b e f o r e  and a f t e r  chemical l y  s t r i p p i n g  t h e  s u r f a c e  ox ide.  
o x i d e  s t r i p p i n g  s o l u t i o n  shou ld  c o n s i s t  o f  20 g o f  C r 3  and 35 cm 
85% phosphor ic  a c i d  added t o  one l i t e r  o f  d i s t i l l e d  water .  
f o r  o x i d e  s t r i p p i n g  i s  about  10 min. i n  t h e  b o i l i n g  s o l u t i o n .  
The 
3 of 
Time r e q u i r e d  
P l a t e  S e c t i o n i n q  
The p l a n  f o r  mark ing  and s e c t i o n i n g  t h e  p l a t e s  i s  shown i n  F i g u r e  6. 
A l l  t w e l v e  p l a t e s  w i l l  be s e c t i o n e d  i n  t h e  same manner. 
marked as  shown b e f o r e  s e c t i o n i n g  begins.  
used t o  s e c t i o n  t h e  p l a t e s .  
P l a t e s  shou ld  be 
Shear ing and/or punching may be 
B1 i s t e r  Anneal i n g  E v a l u a t i o n  
The t w e l v e  b l i s t e r  samples ( t h e  c e n t e r  s e c t i o n  o f  each p l a t e )  w i l l  be 
used f o r  t h i s  t e s t .  
30 min. inc rements  o f  30 K u n t i l  b l i s t e r i n g  ( d e t e c t i o n  v i s u a l l y )  occurs.  
The p l a t e s  a r e  t o  be i n s p e c t e d  a f t e r  each increment  u n t i l  b l i s t e r i n g  
The samples w i l l  be  heated  s t a r t i n g  a t  535 K f o r  
occurs.  Each p l a t e  w i l l  t h e n  be photogkaphed. A c o r r e l a t i o n  between 
burnup and h i g h e r  b l i s t e r  tempera ture  w i l l  be determined and p l o t t e d .  
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Met a1 1 oqraphy 
Two samples from each of  the twelve plates  wil l  be used f o r  
metallography. 
ends of  fuel core ( d o g  boned ends)'. 
Th'ey are t o  be purposely removed from the' upper and  lower 
The metallography w i l l  be examined a t  5 0 X ,  200'X, and 5 0 0 X  for  
evidences of  i r r a d i a t i o n  effects  i n  the microstructures. The 
microstructures w i l l  indicate the percentage of the core v o i d  volume which 
has been f i l l e d  a t  t h i s  i r r a d i a t i o n .  Porosity from gaseous f i ss ion  
products i s  n o t  visible a t  these magnifications b u t  core cracking, due most 
l ike ly  t o  shearing, will  be visible.  If some doubt  ex is t s  as t o  the source 
of core cracking, additional samples w i l l  be cut o u t  w t h  a diamond saw t o  
verify t h i s  behavior. 
less  contamination d u r i n g  sample preparation. 
examined f o r  a 
such as matrix reaction w i t h  the UA1, fuel and UA1, phase changes. 
Microstructures of differing f iss ion densi t ies  should be corqared and  noted.  
The shearing pFocess will be used since i t  produces 
The microstructures wi l l  be 
r m a l i t i e s  and changes due t o  i r r a d i a t i o n  and d i f f u s i o n  
Hardness and  Thickness Measurements 
One metallography sample from each plate wil l  be measured f o r  
microhardness of  the c l a d d i n g ,  core, and matr ix .  
thickness w i l l  be measured from the microstructure a t  a power of 50X. 
The cladding and core 
B u r n u p  Analysis 
Two b u r n u p  samples, numbers XXXA and  XXXD, are  available for b u r n u p  
analyses. 
composition will be analyzed fo r  burnup .  
scans can be calibrated t o  give b u r n u p  versus position for a l l  plates i n  
each t e s t .  
four energy g roup  program t h r o u g h  the r a d i a t i o n  history of the plates. 
The highest and  lowest gamma intensi ty  areas from each 
From these values, the g a m a  
Neutron fluence and b u r n u p  a i l 1  be calculated using the PDQ 
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F l u x  m o n i t o r s  removed each c y c l e  f rom t h e  capsu le  w i l l  be used t o  bencnmark 
t h e  PDQ DUrnup r e s u l t s .  The t i m e  p o i n t s  w i l l  b e  choserr t o  r e p r e s e n t  t h e  
f u e l  p l a t e s  a t  x e n o n - e a u i l i b r i u m  c o n d i t i o n s  d u r i n g  i r r a d i a t i o n .  
Measured Durnup da ta  f r o m  t h e  co re  burnup punches w i l l  De done by t h e  
Idaho Chemical Process ing P l a n t  (ICPP) P r o j e c t s  Sec t i on .  K ryp ton  and xenon 
analyses w i l l  a l s o  oe per formed by  them. Burnup analyses w i l l  De made oy 
f i v e  d i f f e r e n t  metnods: 
1. By t h e  sum of 145Nd and '46Nd wnich is cons ide red  t h e  most 
accu ra te  
2. By 133Cs 
3. By 137cs 
4. By 148Nd 
5. By uranium i s o t o p i c .  
The separa te  tecnn iques  shou ld  g i v e  burnups wnich agree w i t h i n  5% a f t e r  
ad justment  f o r  t h e  d i f f e r e n t  t echn ioues  t o  c o n f i r m  t h e  v a l i d i t y  o f  t h e  
analyses. 
C a l c u l a t e d  Core S w e l l i n q  
The co re  s r e l l i n g  may be determined f r o m  t h r e e  measurments: 
1. The i n c r e a s e  i n  c o r e  t h i c k n e s s  
2. The decrease i n  d e n s i t y  
1 1  
3. Tne gas c o n t e n t  i n  c o n j u n c t i o n  w i t h  m e t a l l o g r a p h y  and c e r t a i n  
assumptions r e g a r d i n g  bubb le  s i z e .  
Using t h e  c o r e  th i cknesses  meazlJred on t h e  me ta l  lograpny samples, t h e  
d e n s i t y  decrease can be c a l c u l a t e d  f o r  ( 1 )  amve .  For ( 2 )  above, d e n s i t y  
va lues  can be measured b e f o r e  and a f t e r  t h e  o x i d e  i s  s t r i p p e d  f rom t h e  
samples. The d e n s i t y  decrease can De c a l c u l a t e d  f r o m  t h e  
c o r e - p l u s - c l a d d i n g  weight  ( d e n s i t y  of A1 = 2.702 g/cm 3 ) and t h e  
c o r e - p l u s - c l a d d i n g  volume. For ( 3 )  above, t h e  s w e l l i n g  may a l s o  be 
c a l c u l a t e d  f r o m  t h e  gas c o n t e n t  i f  bubb le  s i z e  and d e n s i t y  a re  measured. 
Conc 1 us i ons 
An e v a l u a t i o n  w i l l  be done by t h e  Fue ls  arid M a t e r i a l s  D i v i s i o n  o f  a l l  
t h e  v i s u a l ,  n o n d e s t r u c t i v e ,  and d e s t r u c t i v e  a n a l y s i s  work. Each o f  t h e  
f a i l u r e  modes will oe addressed s e p a r a t e l y .  The da ta  w i l l  De used t o  
p o s t u l a t e  an expected i n c i p i e n t  f a i l u r e  r a d i a t i o n  l e v e l  upon f u r t h e r  
i r r a d i a t i o n  t o  an i d e n t i f i a b l e  increment  o f  burnup. R e s u l t s  should be 
compared w i t h  p r e v i o u s  r e s u l t s  o f  work done w i t h  U A l  a t  I N E L  by 
Beestorl,’ and work on UA12 and UAI3 d i s p e r s i o n s  b y  Dienst. ‘  A 1 1  
r e s u l t s  and conc lus ions  w i l l  De i n c l u d e d  i n  t h e  f i n a l  r e p o r t .  
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Fuel  Cannina 
A l l  scrap p l a t e s  and c u t t i n g  w i l l  be c o l l e c t e d ,  sealed i n  a c a n i s t e r ,  
and s t o r e d  i n  t h e  ATR Canal f o r  l a t e r  p rocess ing  a t  I C P P .  
FINAL REPORT AND RECOMMENDATIONS 
A f i n a l  r e p o r t  w i l l  be prepared d u r i n g  f u e l  p l a t e  p o s t  examinat ion and 
completed soon a f t e r  program complet ion.  T h i s  r e p o r t  w i l l  i n c l u d e  t h e  
specimen i r r a d i a t i o n  e v a l u a t i o n s  and conc lus ions  a long  w i t h  a l l  data and 
analyses, The conc lus ions  b i l l  i n c l u d e  recommended maximum f u e l  burnup, 
o p e r a t i n g  temperatures,  f u e l  p l a t e  c o n s t r u c t i o n  use of U A I 2  d i s p e r s i o n ,  
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Figure  6. Plate section detailing. 
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TABLE 1. TEST SPECIFICATION 
Est imated 
UA1 
" 3 a  loB, 235 
1 UA12 2.51 40 2.9 x 1021 0.00266 
2 UA12 2.82 45 3 ? 0  x 1921 0.00266 
3 UA12 3.13 50 3,3 x 1021 0 00266 
4 UA13 2,22 50 2.7 x 1021 0,00266 
Number Compound (g/cm ) . " .  
a. These a re  t h e o r e t i c a l  values. Expected va lues may d i f f e r  s l i g h t l y  due 
t o  o t h e r  c r y s t a l l i n e  forms o f  UA1, i n  t h e  c o r e  m a t e r i a l .  
TABLE 2. PROGRAM COST BREAKDOWN 
Fus ion  Cost TRTR t MURR Cost T o t a l  Cost 
Task ($K) ($K) ($K) ($K) 
60 Design, c o n s t r u c t i o n ,  -- 60 -- 
and rev iews  o f  f i x t u r e  
w i t h  con t ingency  
30 Phys ics c a l c u l a t i o n s  -- 30 -- 
10 Fuel  p l a t e  t e c h n i c a l  -- l o  -- 
spec if i c a t  i ons 




Fuel  p l a t e  c o n s t r u c t i o n  -- -- 
60 Fue l  p l a t e  t e s t i n g  " 1. 
Repor t  i ng 10 l o  -- 
-- -- 
Canal ope ra t  i ons  25 
40 190 45 275 
-- . ,.
1 -_ 20 -5 I
TABLE 3. FISCAL YEAR COST BREAKDOWN 
Fusion TR TR Un i vers i t.y Total 
Program Costs Program Costs of Missouri  Cbsts Costs 
F i sca l  Year ( W  ( W  ( $ K )  ($K)  










TOTAL 40 190 45 275 
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1. SCOPE 
1 . 1  This specification details the materials, components, 
testing, inspection, and Quality control reauirements for the fabrication 
of extended life uranium aluminide experimental fuel plates. 
1.2 Definitions. For the purpose of this specification, the 
following terms are identified: 
defined term). 
(Capitalization shall denote the use of a 
1.2.1 Batch. A Quantity of UAlx produced in one operation. 
1.2.2 Blended. To mix or mingle constituents of a Batch. 
1.2.3 
the Picture Frame. 
Cladding. Tne aluminum covers Donded to the Fuel Core and 
1.2.4 Dogbone Area. Region o f  the Fuel Core within one and 
one-half inches from its ends, where thickening can occur during the 
rolling process. 
1.2.5 Fabricator. The primary vendor selected by EG&G Idaho, 
Inc., t o  manufacture the F u e l  P l a t e s .  
1.2.6 Fuel Core. The.uranium-bearing region of each Fuel Plate. 
1.2.7 Fuel Plate. An assembly consisting o f  a Fuel Core enclosed 
in an aluminum frame and cladding. 
1.2.8 In-Process Controls. Inspections and tests made during 
Proauction to ensure that the Manufacturing processes, eauipment, and 






P l a t e s  o f  a g i v e n  compos i t i on ,  nand led  as a u n i t  t r a c e a b l e  t o  a common 
p r o c e s s i n g  s tep .  
- L o t . A group o f  two t o  t w e l v e  s e a u e n t i a l l y  numbered Fue l  
1.2.10 Manufacture( i n g ) .  A1  1 f a b r i c a t i o n ,  assembly, t e s t ,  
i n s p e c t i o n ,  and o u a l i t y  c o n t r o l  processes. 
1.2.11 P i c t u r e  Frame. The window-shaped aluminum f rame wnich h o l d s  
t h e  Fuel  Core. 
1.2.12 Purchaser .  EG&G Idaho, I n c .  
1.2.13 R e j e c t i o n .  M a t e r i a l s ,  p a r t s ,  components, o r  assemDly 
p r o d u c t s  which w i l l  n o t  De accepted  as p a r t  o f  t h e  c o n t r a c t  reou i remen-s  of 
t h i s  program because of noncompl iance w i t h  t h i s  S p e c i f i c a t i o n .  
1.2.14 S p e c i f i c a t i o n .  A l l  p a r t s  and supplements o f  t h i s  document, 
i t s  re fe rences ,  drawings, and s tandards .  
1.2.15 S u b - t i e r  S u p p l i e r .  Any vendor s e l e c t e d  oy t h e  f a o r i c a t o r  t o  





6 - U A l x .  An i n t e r m e t a l l i c  compound o f  u ran ium and aluminum 
as t h e  a c t i v e  i n g r e d i e n t  in t h e  Fue l  Core. 
APPLICABLE DOCUMENTS 
The f o l l o w i n g  documents a r e  a p a r t  o f  t n i s  S p e c i f i c a t i o n :  
Federa l  Standards.  T i t l e  49 Code o f  Federa l  Regu la t i ons  - 







Te c h n i c a 1 S oc i e t y S t a n d a r d s . 
ASTM B-209 Aluminum Alloy Sheet and Plate 
Drawi ngs (EG&G Idaho, Inc. ) . 
414489 Extended Life A'luminide Fuel Plate 
Reactor Development and Technology (RDT). 
RDT F2-4T Quality Verification Program 
Rea u i rement s 
RDT F3-2T Calibration System Reauirements 
RDT F5-1T Cleaning and Cleanliness 
Reouirements for Nuclear Components 
Specifications (EG&G Idaho, Inc.). 
Attachment I Determination of Fuel Core Voidage 
Attachment I I Reauirements for Radiographing Fuel 
Plates 
Attachment 111 Specification for Aluminum Powder 
for the Fuel Core Matrix 
Attachment I V  Specification for Enricned U-Metal 
Used for Synthesizing Uranium 





Attacnmerit VI I 
3. R EQ u I R E I ~ E  N TS 
Specification for Aluminum StocK 
Used for Synthesizing Uradiurn 
Aluminide 
Specification for Uranium Aluminide 
Powder for ELAF Fuel Platgs 
Specification for Boron Carbide 
Powder for ELAF Plates 
3.1 ies of the followi i terns shall De 
s u p p l w d  t o  t h  ior t o  initial fabrication o f  Fuel Plates, 
for review and approval: 
( 1 )  All Shop dr and procedures to be used in 
f ao ri cat i inspection o f  t 
(2) Integrated manufacturing and inspection test plan. 
( 3 )  A detailed procedure as to the manner by 
Fabricator proposes to assi ate U-235 and B-10 contents. Included 
in tne procedure snall De s analytical and quality contrbl 
procedurgs, and a stat 
U-235 and B-10 contents. 
ted accuracies o f  the assigned 
(4) 
with Attachment I. 
Procedure for void fraction determinitioh in compl iance 
/ , I  
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3.2 M a n u f a c t u r i n g  Reaui rements 
3.2.1 F u e l  P l a t e s  s h a l l  be  h o t  r o l l e d  a f t e r  b e i n g  p rehea ted  a t  
925 - + 15°F f o r  a t  l e a s t  one hour .  Rehea t ing  between passes s h a l l  be  a t  
925 - + 15°F f o r  a t , l e a s t  5 minu tes .  The h o t - r o l l i n g  p rocess  s h a l l  l e a v e  
s u f f i c i e n t  excess  t h i c k n e s s  t o  p e r m i t  a t  l e a s t  5% c o l d  r e d u c t i o n .  
3.2.2 
accordance wi t h  5.6. 
F o l l o w i n g  n o t  r o l l i n g  F u e l  P l a t e s  s h a l l  be b l i s t e r  t e s t e d  i n  
3.2.3 Fue l  P l a t e s  s h a l l  De c o l d  r o l l e d  a t  l e a s t  5%. 
3.2.4 F o l l o w i n g  c o l d  r o l l i n g ,  Fuel  P l a t e s  S h a l l  De annea led  a t  
770 - + 15°F f o r  2 t o  3 hou rs  and f u r n a c e  c o o l e d  a t  a r a t e  n o t  t o  exceed 
50"F/h t o  be low 500°F. C o o l i n g  below 500°F may be i n  room a i r .  
3.2.5 B e f o r e  packagi.ng, t n e  Fue l  P l a t e s  s h a l l  be p i c k l e d  by 
suDmerging them f o r  5 t o  15 m inu tes  i n  an aoueous s o l u t i o n  o f  about  25-35% 
1.42 s p e c i f i c  g r a v i t y  HN03 lit 1110-160"F f o l l o w e d  by  s p r a y  r i n s i n g  w i t h  
d e i o n i z e d  wa te r ,  immers ion r i n s i n g  i n  d e i o n i z e d  wa te r  a t  140-16OoF, and a i r  
d r y  i ng . 
3.3 
3.3.1 
Quality A s s u r a n c e .  
Fue l  P l a t e s  s h a l l  be i n s p e c t e d  f o r  t h e  f o l l o w i n g :  
( 1 )  F u e l  Core D e n s i t y .  Tne p e r c e n t  v o i d s  i n  t h e  Fue l  Cores 
of a l l  t h e  Fue l  P l a t e s  stall be de te rm ined  by t h e  i n s p e c t i o n  p rocedure  
deve loped by t t i e  F a b r i c a t o r  ( 3 . 1 ( 4 ) )  and s h a l l  con form w i t h  3.4.9. 
E S-506 07 
(2) Cladding Thickness. All Fuel Plates snall be evaluated 
to tne reauirements of 3.4.10 by the procedures o f  5.8. In addition, a 
minimum of one ( 1 )  randomly selected Fuel Plate per Lot shall oe sectioned 
in accordance with Figure 1 for metallographic examination and evaluated to 
the Cladding thickness requirements o f  3.4.10. 
(3) Internal Defects and Bond Integrity. All Fuel Plates 
Shall be visually and ultrasonically evaluated to the requirements o f  3.4.4 
by the procedures o f  5.6. In addition, a minimum of one (1) Fuel Plate per 
Lot shall be metallographically examined to the reauirements of 3.4.4. 
(4) Core Configuration. All Fuel Plates shall be evaluated 
to the reouirements of 3.4.3 by the procedure of 5.5. 
(5) Surface Finish and Defects. All Fuel Plates shall be 
evaluated to the requirements of 3.4.5 by the procedures of 5.5. 
(6) Cleanliness and Surface Contamination (Fuel-). All Fuel 
Plates snall be evaluated to the reouirements o f  3.4.6 by the procedures o f  
5.9. 
( 7 )  Fuel Core Homogeneity. All Fuel Plates shall De 
evaluated to the requirements o f  3.4.2 by the procedures o f  5.3 and 5.4. 
3.3.2 In-Process Controls. Tne In-Process Controls shall include, 
at least, tne following: 
(1) Evaluation of all Fuel Plates with regard to tne 
reauirements o f  3.4.2 and 3.4.3 by the procedures of 5.3 and 5.5, 
re spec t 1 ve 1 y . 
(2) Evaluation o f  all Fuel Plates with regard t o  the 
reauirements of 3.4.4 and 3.4.5 by the applicable procedures of 5.6 and 5.7. 
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( 3 )  Destructive analysis to the reauirement of 3.4.4 and 
Cladding dimensions by sectioning, in accordance with Figure 1, a minimum 
of one ( I )  Fuel Plate per Lot, randomly selected. 
3.4 fuel Plate Reauirements. 
3.4.1 Composition. The Fuel Core snall conform with one of tne 
compositions in Table I. 
3.4.2 Homogeneity. A Fuel Core i s  considered homogeneous if the 
radiographic density does not exceed - +20% of the average density for all 
Fuel Core locations in any 0.080 inch diameter area, except - +30% is 
permitted in the Dogbone Area. If the density reading i n  any location is 
eitner t o o  hign or  too low, four more density readings shall be obtained at 
the corners o f  a I/Z-incn Sauare placed symmetrically about the anamolous 
reading. The average of the five readings, including the anamolous 
reading, shall be within - +20% or - ‘+30%, whichever 1 s  applicable, of the 
average density for all Fuel Core locations. Boron homogeneity i s  
satisfied when tne ooron content of any punching (Figure 1 )  does not vary 
by more than - +30% from tne average of all punChingS in the sample Fuel 
Plate. 
3.4.3 Core C o n f i g u r a t i o n .  The outline o f  t h e  Fuel Core shall be 
within the maximum and minimum of the core outline Shown on E G & G  Idano 
Drawing 414489. 
3 .4 .4  Internal Defects and Bond Integrity. A metallurgical DOnU 
with grain growtn across a minimum of 50% of the Cladding/Picture-Frame 
interface i s  required. 
of nonbonds, voids, blisters, or laminations larger than 0.06 inch over the 
Fuel Core or 0.12 incn over the Picture Frame in the finally-sized Fuel 
Plate shall De cause for rejection. 
I n  addition, any visual or ultrasonic indications 
7 
ES-50607 
w - U P 4  2 








Figure 1 .  Fuel P l a t e  sampl i n g  procedure f o r  metal lographic  
examinat ions.  
a s  shown f o r  a n a l y s i s .  
Boron punchings may a l s o  be obtained 
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TABLE I 
FUEL C O R E  COMPOSITIONS 
Conposi t i o n  __ ____- 
1 
U A l x  Type* 
~ 





6.65 1 :  2 I 1  
3 I 1  7 .40  2i j  
1 q 4 I 5.35 I. I 
3 . 4 . 5  
be f r e e  from p i t s ,  dents, scratches, and  other areas of metal reiri.wecl i r i  
excess of  0.005 inch i n  depth, except i n  the Dogbone Area. 
such depressions shall  be 1 imited t o  0.003 inch i n  depth. 
Surface Finish a n d  -____ Defects. The finished Fuel P l a t e s  s +  i1 1 
I n  t h i s  drc.n, 
3 . 4 . 6  Cleanliness. A l l  precautions shal l  be taken t o  m a i n t a i n  ii 
high standard of cleanliness, in an area a s  defined i n  R D T  F 5 - l T  a s  a 
controlled work a r e a ,  d u r i n g  f a b r i c a t i o n ,  t o  ensure t h a t  no foreign 
materials or corrosion products are present i n  t he  finished Fue l  Plates. 
The finished Fuel Plates shal l  be  completely f r e e  of d i r t ,  scum, scale ,  
graphite, grease, o i l ,  p a i n t ,  i n k ,  solder, s i lver ,  lead, mercury, thorium, 
chlorine,  f luorine,  a n d  moisture. These precautions shall  include: 
(1) A1 1 metal chips, turnings, dusts, abrasives, weld 
spa t te r ,  scale  a n d  other par t ic les  shal l  b e  removed without destroying the 
c o n t i n u i t y  of  the surfaces. 
. , .  , ..I.. ., , ’ . -. . 
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( 2 )  A l l  o i l  and grease s n a l l  be removed b y  t h e  use o f  a 
d e g r e a s i n g  agent  and a l l  s u r f a c e s ,  i n c l u d i n g  a l l  c r e v i c e s ,  S h a l l  be 
t n o r o u g h l y  r i n s e d  w i t h  d i s t i l l e d  o r  d e m i n e r a l i z e d  water .  
( 3 )  Removal o f  t r a n s f e r a b l e  c o n t a m i n a t i o n  f r o m  t h e  f i n i s n e d  
f u e l  p l a t e  s h a l l  be  accompl ished by t h e  p rocedure  o f  3.2.5. 
3.4.7 I d e n t i f i c a t i o n .  Each f i n i s h e d  Fue l  P l a t e  S h a l l  be 
i d e n t i f i e d  by a number stamped o r  engraved as s n o w  on E G & G  
Drawing 414489. The d e p t h  o f  t n e  impress ion  s h a l l  n o t  exceed 0.006 i n c h .  
P o s i t i v e  i d e n t i f i c a t i o n  s h a l l  be m a i n t a i n e d  r e l a t i v e  t o  t h e  comple te  
f a o r i c a t i o n  h i s t o r y ,  i n c l u d i n g  t h e  p l a t e  l o t ,  f u e l  b lend ,  b a s i c  m a t e r i a l  
l o t s ,  h e a t  o r  m e l t ,  and m a n u f a c t u r i n g  c y c l e .  
3.4.8 S torage.  A l l  Fue l  P l a t e s  t h a t  have r e c e i v e d  f i n a l  c l e a n i n g  
s h a l l  be s e a l e d  i n  c l e a n  p o l y e t h y l e n e  bags w h i l e :  
assembly, ( 2 )  b e i n g  t r a n s f e r r e d  i n t o  s to rage ,  and ( 3 )  b e i n g  m a i n t a i n e d  i n  
s to rage .  Any m a t e r i a l  exposed t o  c o n t a m i n a t i o n  s h a l l  b e  r e i q s p e c t e d  t o  
reou i remen ts  o f  S e c t i o n  3.4.6. 
( 1 )  a w a i t i n g  f i n a l  
3.4.9 Percen t  Voids.  The p e r c e n t  v o i d s  i n  t h e  Fue l  Cores s r i a l1  be 
a t  l e a s t  4.00. 
3.4.10 C ladd ing  Th ickness .  The F u e l  P l a t e  C ladd ing  %h ickness  s n a l l  
be 0.010 i n c h  minimurn th roughou t  t h e  Fue l  Core area, meaS:rred f r o m  t h e  f u e l  
g r a i n  peak t o  t n e  Fue l  P l a t e  s u r f a c e  excep t  i n  t h e  regior?; w i t h i n  
3-1/2 i nches  f r o m  the  p l a t e  end n a v i n g  t h e  h o l e  and 2-1/4 i nches  f r o m  t h e  
o t h e r  end. W i t h i n  t h e s e  r e g i o n s  t h e  nomina l  c l a d d i n g  t h i c k n e s s  s h a l l  ~e a t  
l e a s t  0.008 i n c h .  However, randomly  d i s t r i b u t e d  p a r t i c l e c  may p e n e t r a t e  
t h e  0.008 i n c h  c l a d d i n g  l i m i t  i n  accordance w i t h  a s tandard  approveti  by  t h e  
Purcnaser .  
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4. MATERIALS OF CONSTRUCTION 
Tne m a t e r i a l s  requi rements f o r  t h e  components compr is ing t h e  
ELAF p l a t e s  a re  as s p e c i f i e d  oelow: 
4.1 Fuel  Cores. Tne Fuel Cores s h a l l  c o n s i s t  o f  U A l x  pohder 
4.2 
unc lad  o r  c 
c l a d d i n g  on 
p l a t e  c ladd  
4.3 
a l l o y  6061, 
conforming w i t h  Attacnment V I  and 
Attachment V I I ,  d i spe rsed  i n  alum 
Attachment 111.  
P i c t u r e  Frames. A 
B4C powder conforming w i t h  
num a l l oy 'powder  conforming w i t h  
uminum P l a t e  A l l o y  6061 per ASTM 8-209 
ad on bo th  s ides  w i t h  a l l o y  1100. 
eacn s i d e  s h a l l  be w i t h i n  t h e  l i m i t s  s p e c i f i e d  f o r  t h e  cover 
ng (4.3).  
Thickness o f  t h e  a1 oy 1100 
Maximum a l l o w a b l e  Doron con ten t  s n a l l  De 30 PPM. 
Cover P l a t e .  The f u e l  c ladd ing  s h a l l  be aluminum 
ASTM 6-209.  Maximum a l l o h a b l e  Doron con ten t  s h a l l  be 30 PPM. 
Aluminum p l a t e  a l l o y  6061 c l a d  on one s i d e  W i t h  a l l o y  1100. Each cover  
p l a t e  s h a l l  have an a l l o y  1100 c l a d  th i ckness  no l e s s  than 3 percent  and a 
nominal maximum of 6 pe rcen t  p rov ided  t h e  t h r e e  sigma l i m i t  does n o t  exceed 
7 .5  percent .  Compliance w i t h  t h e  c l a d  th i ckness  requirements may be 
accomplished by a Fabr i ca to r -deve loped  s t a t i s t i c a l  sampling ana a n a l y t i c a l  
method approved by t h e  P u r c h a s e r .  
5. TEST AND I N S P E C T I O N  REQUIREMENTS 
The f o l l o w i n g  t e s t s  and i n s p e c t i o n s  s n a l l  De performed t o  
ensure t n e  p roduc t  a u a l i t y  i s  i n  accordance w i t h  t h e  reaui rements of t h i s  
S p e c i f i c a t i o n .  The s u p p l i e r  S h a l l  m a i n t a i n  a a u a l i t y  system i n  compliance 
w i t n  RDT F2-4T. Measurement eauiprnent used f o r  t h e  t e s t s  and inspections 
r e a u i r e d  i n  t h i s  s e c t i o n  s h a l l  be  c a l i b r a t e d  i n  conformance W i t h  R O T  F3-2T. 
1 1  
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5.1 Materials. A certificate of compliance or a certified 
material test report showing compliance with Section 4 Shall be supplied 
for each lot of material used in the fabrication of the Fuel Plates. This 
certificate snall give the actual results of the chemical analysis for the 
Fuel Core materials. All materials shall be traceaDle to the Fuel Plates 
fabricated from tnese materials. 
5.2 Composition. Conformance with 3.4.1 Shall be estaolisned by 
FaDricator's certification of compliance with the approved procedure for 
controlling uranium and boron content reouired in 3.1(3). 
5.3 Fuel Homogeneity. Compliance with the Fuel Core homogeneity 
reauirements of 3.4.2 and Attachment I 1  shall be determined by the 
radiographing of all Fuel Plates and an evaluation of tne radiographs by 
cal ibrated (against a density wedge) densitometer measurements. 
5.4 Boron Homogeneity. Conformance to the boron nomogeneity 
reauirements of 3.4.2 shall be established by Fabricator's certification of 
compliance with the approved procedure for preparing the Fuel Core powder. 
In addition, one Fuel Plate per Lot shall be analyzed for boron homogeneity 
using punchings obtained as shown in Figure 1. 
5.5 Fuel Core Configuration. Compliance witn the Fuel Core 
configuration reauirements of 3.4.3 shall be determined by visual 
inspection of Fuel Plate radiographs. Visual radiograpn inspections snall 
be performed without magnification on a light table having a light range of 
450-600 foot-candles at the table surface and the area darkened to give a 
light range of 5-15 foot-candles at eighteen incnes above tne light table 
0 
with radiographic film in place 
5.6 Bond Integrity. 
integrity reauirements of 3.4.4 
examination and by performing a 
Dlister test shal I De performed 
on the table. 
Compliance With internal defect and Dond 
shall be determined by ultrasonic 
blister test on all Fuel Plates. The 
after hot-rolling, but before cold-rolling, 
12 
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by h e a t i n g  each p l a t e  t o  a temperature of 925 - t 15"F, n o l d i n g  a t  t h a t  
temperature f o r  one hour - t 1 0  minutes,  and c o o l i n g  a t  a r a t e  n o t  t o  exceed 
SO"F/nr f rom t h e  t e s t  temperature t o  500°F. 
5 . 7  Sur face F i n i s n  and De fec ts .  Compliance w i t h  s u r f a c e  f i n i s h  
and d e f e c t  requi rements of 3.4.5 S h a l l  be determined oy 100% v i s u a l  
i n s p e c t i o n  o f  a l l  p l a t e s  w i t h o u t  m a g n i f i c a t i o n .  
5.8 Cladding Dimensions. Compliance W i t h  t h e  reoui remets of 
3 . 3 . 1 ( 2 )  s h a l l  be e s t a b l i s h e d  by  Min-c lad  u l t r a s o n l c  i nspec t l o r )  o f  a l l  f u e l  
P l a t e s  i n  t h e  area 3-1/2 inches f rom t h e  p l a t e  end hav ing  t h e  h o l e  and 
2 - 1 / 4  i nches  from t n e  o t h e r  end u s i n g  t h e  pu rchaser -supp l i ed  M i n - c l a d  
i n s p e c t i o n  scanner wvnich i s  s e t  t o  g i v e  i n d i c a t i o n s  of areas where t n e  
c l a d d i n g  i s  l e s s  than 0.008 i n c h  i n  thiCKneSS. 
than 0.008 i n c h  s h a l l  be based on a comparison o f  t h e  Fuel P l a t e  scan w i t h  
a pu rchaser -supp l i ed  s tandard ( s e c t i o n  of ATR Fuel  P l a t e  15-AB-039) scan. 
The i n s p e c t i o n  s h a l l  be performed a t  t h e  normal mode (0.008- inch scan 
depth) u s i n g  a 0.OlO-inch scan index.  Tne s tandard s h a l l  be scanned j u s t  
p r i o r  t o  t h e  i n s p e c t i o n  o f  each l o t .  
Acceptance o f  c ladd l r tg  less  
Acceptance c r i t e r i a  s h a l l  be:  
5.8.1 D e n s i t y  of I n d i c a t i o n s .  The d e n s i t y  of i n d i c a t i o n s  ( r e g i o n s  
of t h e  c l a d d i n g  l e s s  than 0.008 i n c h  t h i c k )  s h a l l  b e  no g r e a t e r  i n  t h e  Fuel 
P l a t e  scan than  i n  t n e  s tandard scan. 
5.8.2 L inea r  Al ignment o f  I n d i c a t i o n s .  The l i n e a r  a' l ignment of  
i n d i c a t i o n s  ( t h e  number o f  i n d i c a t i o n s  w i t h i n  a t ransve rse  s t r i p  0.050 inch 
wide) i n  any r e g i o n  o f  t h e  Fuel  P l a t e  scan s h a l l  n o t  exceed t h a t  of t n e  
densest r e g i o n  o f  t n e  s tandard scan. 
5.9 C lean l i ness .  Compliance w i t h  t h e  Fuel  P l a t e  c l e a n l i n e s s  
reaui rements of 3.4.6 s h a l l  be determined by v i s u a l  i n s p e c t i o n  of 100% of 




(disintegrations per minute) per 100 sauare centimeters and the Deta-gamma 
count shall De less tnan two nundred ( Z O O )  dpm per 100 sauare centimeters. 
Tne alpha count shall be less than five (5) dpm 
5.10 Dimensional Inspection. Compliance with all dimensional 
requirements o f  the E&(; Idano Drawing 414489 shall be determined by 100% 
inspection of the Fuel Plate. All dimensions of this specification shall 
apply at a temperature of 70 - + 5°F. 
5.1 1 Voidaqe. Compliance with the voidage reouirements of 3.4.9 
shall De determined ~y measurements and calculations in accordance with 
At tachrnent I. 
6. 
1 
DATA AND RECORDS 
Tne following data and records shall accompany the shipments: 
(1) Certification of product compliance with the 
reauirements of this Specification, including 5.2 and 
5.4. 
(2) Certification of material compliance with the 
requirements of Section 4, including any chemical and 
physical test result pertaining tereto. 
( 3 )  Dimensional data as required i n  5.10. 
(4) Individual Fuel Plate uranium and boron data including: 
Supplier's core compact data sheets 
Serial number with Batch identification 
Fuel Core beignt and composition number 
U-235 content (grams) 
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Core v o i d  d e n s i t y  
Boron-10 c o n t e n t  (grams) 
( see  Attachment V I )  
X 
Type o f  UA 
( 5 )  TransferaD 
Fue l  P l a t e  
e r a d i o a c t i v e  con tamina t ion  coun t  from each 
as r e a u i r e d  i n  5.9. Tne c o u n t i n g  p e r i o d ,  
background, e f f i c i e n c y ,  and t y p e  o f  c o u n t e r  used s n a l l  
be r e p o r t e d .  
( 6 )  L i s t  of a l l  a p p l i c a o l e  wa ivers  and d e v i a t i o n s  and 
r e l a t e d  Fue l  P l a t e s .  
( 7 )  Radiograpns as s p e c i f i e d  i n  5.3 and 5 . 5 .  
(8 )  Photomicrographs as r e a u i r e d  i n  3.3.1(2) and ( 3 ) .  
( 9 )  U l t r a s o n i c  scans as s p e c i f i e d  i n  5.6 and 5.8. 
7 .  PREPARATION FOR DELIVERY 
7 . 1  Tne Fue l  P l a t e s  s h a l l  be separa ted  f o r  shipment acco rd ing  t o  
c o m p o s i t i o n  and s h a l l  be wrapped i n  Such a manner as t o  p rec lude  p h y s i c a l  
damage d u r i n g  shipment.  
7 .2  
Federa l  Regu la t i on  reou i rements ,  
The s n i p p i n g  c o n t a i n e r  s h a l l  conform w i t h  T i t l e  49 Coae o f  
7.3 Each s h i p p i n g  c o n t a i n e r  s h a l l  be marked w i t h  a s e r i a l  nmDer  
and s n a l l  De accompanied by a s h i p p i n g  m a n i f e s t  k h i c h  Shows, as a minimum, 
t h e  s e r i a l  number on t h e  c o n t a i n e r ,  t h e  purchase o r d e r  numDer, t h e  n e t  




a. ACCEPTANCE I N S P E C T I O N  
8.1 A l l  m a t e r i a l s ,  workmanship, and procedures s h a l l  be s u o j e c t  
t o  i n s p e c t i o n ,  examinat ion,  and t e s t  by t n e  Purchaser, and t o  r e j e c t i o n  by 
the  Purchaser f o r  noncompliance w i t h  t h e  S p e c i f i c a t i o n  a t  any t i m e  d u r i n g  
manufacture and a t  any p lace  where such manufacture i s  c a r r i e d  on. 
Purchaser s h a l l  have t h e  r i g h t  t o  r e j e c t  any one o r  more o f  t h e  f l n i s n e d  
products  f o r  d e f e c t s  i n  any of t h e  m a t e r i a l s  compr is ing t n e  f i n i s h e d  
p roduc t  which o the rw ise  f a i l  t o  meet t h e  S p e c i f i c a t i o n .  Tne f i n a l  





OETERMINATION OF FUEL CORE VOIDAGE 
1 .  SCOPE 
This is a procedure for determining the vo-lume percent 
voidage in uranium-aluminide Fuel Plate. 
2. REQUIREMENTS 
The percent voids i n  a fuel core Shall be determined as 
follows: 
V% = vc - x (100%) 
"C 
hhere: 
V X  = percent voids in fuel core 
= vo ume of fuel core 
= ca culated tneoretical core volume. 
vC 
vc t 
The actual core volume shall be calculated as f o l l o w s :  
wp - w v = v p -  C 
C dAl 




= volume o f  f u e l  p l a t e  
= weight  o f  f u e l  p l a t e s  
= weight o f  f u e l  co re  
"P 
wP 
w C  
dA 1 = d e n s i t y  o f  aluminum used f o r  p l a t e  c l a d d i n g .  
The t h e o r e t i c a l  c o r e  volume s h a l l  De c a l c u l a t e d  by t h e  f o l l o w i n g  methods: 
'A1 'UAl 
"' d U A l  d A l  





d U A l  X 
= weight o f  U A l x  powder used i n  t h e  f u e l  co re  
= Weight of aluminum m a t r i x  pohder used i n  t h e  f u e l  
co re  
= d e n s i t y  o f  aluminum m a t r i x  powder 
= d e n s i t y  o f  UA1, powder, Dased on d i f f r a c t i o n  
a n a l y s i s  r e s u l t s  (see Attachment V I ,  
paragraph 4 . 5 . 3 ( 3 ) ) .  
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REQUIREMENTS FOR 
RADIOGRAPHING FUEL PLATES 
1.  SCOPE 
This specification provides reauirements for radiographing 
Fuel Plates, acceptable film ouality and film identification. 
2. REQUIREMENTS 
A procedure must be written to specify the details for 
achieving acceptaole Fuel Plate radiographs. The procedure shall include 
the reauirements given in this specification. 
2.1 
spot size of 5 mm maximum. 
Fuel Plate shall De 30 inches minimum. The focal point shall De centered 
laterally and longitudinally over tne Plate or group of Fuel Plates. 
Eauipment Setup. The voltage snall De 100 kvp with a focal 
Tne distance between the focal point arid the 
2.2 Film. 
2.2.1 
be free o f  runs, streaks, scratches, D1urs, and cassette defects that bill 
affect the area covered by the Fuel Plates. 
The image outline snall De clear and sharp; the film shall 
2.2.2 Tne film density of all points of the radiograph that 
correspond t o  Fuel Plate border locations outside the Fuel Core shall 
provide densitometer readings betNeen 1.5 ancl 2.5. 
over tne nominal density standards Sha:] provide densitometer readings 
Detween 0.9 and 1.5. 
Film density as read 
h 
19 
E 5-5060 7 
ATTACHMENT I 1  
2.2.3 
high contrast, .'ouble emulsion, industrial x-ray type ( 
e film shall be an extreme sensitivity, /extra fine grain, 
2.3 Film Identification. A System of identification of the film 
shall oe provided Which snall show as a minimum: 
a. 
b. 





P 1  ate Lot number 
Plate size and serial number 
Orientation o f  density standard 
Density standard identification 
Date of radiography 
Kilovoltage, current and focal spot size 




SPECIFICATION FOR ALUMINUM POWDER FOR THE FUEL CORE MATRIX 
1 .  SCOPE 
1.1 
aluminum powder to be used to adjust fuel density and to act as a binder in 
uranium-aluminide based reactor fuel. 
This Specification covers the reauirements for spherical 
2. APPLICABLE DOCUMENTS 
Applicable portions of the following standards and 
specifications are explicitly specified in the body of and therefore form a 
part o f  the Specification. 
American Society for Testing and Materials (ASTM) 
ASTM B 214 Method o f  Test for Sieve Analysis of 
Granular Metal Powders 
3. REQUIREMENTS 
3.1 ChemScal Composition. Tne spherical aluminum powder shall 
be at least 98.5 wt.X free metallic aluminum ( a s  determined using the test 
method described in MIL-A-81335). Tne limits on impurities shall be a s  
specified in Table I and no single impurity element snall exceed 0.05% 






L i m i t s  on I m p u r i t i e s  i n  Aluminum Powder w t . %  
~~ ~ 
I m p u r i t y  
Cadmium 
L i t h i u m  
Boron 












3.2 Phys i ca l  C o n f i g u r a t i o n .  The powder s h a l l  be smooth-surfaced 
and g e n e r a l l y  s p e r i c a l .  
v o l a t i l e s ,  and o i l  and grease i n  MIL-A-81335) and f r e e  f r o m  f o r e i g n  
m a t e r i a l  by v i s u a l  examina t ion  as d e f i n e d  i n  4.3 o f  t h i s  s p e c i f i c a t i o n ,  
un less  o the rw ise  approved by t h e  Purchaser, 98.8% o f  t h e  powder S h a l l  pass 
through a 100-mesh U.S. Standard s ieve.  
The powder s h a l l  a l s o  be d r y  (as s p e c i f i e d  f o r  
4. QUALITY ASSURANCE P R O V I S I O N S  
4.1 Sampling. The powder i n  each c o n t a i n e r  s h a l l  be sampled and 
t e s t e d  f o r  compl iance w i t h  t h e  requi rements o f  t h i s  S p e c i f i c a t i o n .  
4.2 Acceptance Test.  A chemical a n a l y s i s  s h a l l  be made on t h e  
samples f r o m  each c o n t a i n e r  o f  powder t o  determine compl iance w i t h  t h e  
reoui rements o f  3.1. Noncompliance s h a l l  oe cause f o r  R e j e c t i o n .  
4.3 Examinat ion.  Powders f r o m  t h e  samples taken  as r e o u i r e d  i n  
Sec t i on  4.1 s h a l l  b e  examined ( a t  a m a g n i f i c a t i o n  o f  a t  l e a s t  20 d iameters)  
f o r  compl iance w i t n  t n e  reaui rements o f  3.2 f o r  Shape and c l e a n l i n e s s .  
Compliance w i t h  t h e  p a r t i c l e  s i z e  s p e c i f i e d  l n  3.2 S h a l l  be determined by 
t h e  t e s t  method g i v e n  o f  ASTM B-214. 
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5. NOTES AND DATA 
5.1 Quality Verification Test Results. Certified test results 





ATTAC H ~ E  NT I v 
I 
Ttie h p e c i f i c a t i o n  c 
d i  spef-s ion-type 
I 
2. APPLICABLE DOCUMENTS 
None. 
3.  TECHNICAL REQUIREMENTS 
3.1 
nomi na i p i ece 
c i i s t i n g :  Tiid P r e f  
3;2 o f  t h e  
~ 2 2 3 5  c o n t g n t  93:O - ,'t 1.0 w t  % d f  t o t a l  U 
U-  6.0 - .t 1.0 w t  % o f  t o t a l  U 
U-236 t max. k t% o f  t o t a l  U 
U-234 c o n t e n t  1.2 m d x .  k t  % o f  t o t a l  U 
3;3 t 'of thG m e t a l  
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TABLE I 
METAL I M P U R I T I E S  
~ ~~ ~ 
~~ ~ 
Element Pa r t s  Per M i l l i o n  
A1 umi num 100.0 
Bery l  1 i urn 10.0 
Boron 3.0 
Cadmi um 0.2 
Calcium 50.0 
Carbon 200.0 
Cobal t  5.0 
Copper 50.0 
Cnromi urn 50 .O 
I r o n  + N icke l  400.0 
L i t n i u m  10.0 
Magnes i um 50.0 
Manganese 15.0 
Molybdenum 100.0 
Le ad 5.0 
S i  1 i con  100.0 
Sod i um 25.0 
Hydrogen 35.0 
N i t rogen  100.0* 
Oxygen 100.0 
*Ni t rogen con ten t  of l e s s  than 50 ppm i s  d e s i r a b l e .  
3.4 Cleaning. A l l  uranium m a t e r i a l  s h a l l  be p i c k l e d  t o  remove 
v i s u a l l y  d e t e c t a b l e  s lag,  reduc tan ts ,  or  oxides o t h e r  than t h i n  f i l m s  o f  
uranium ox ides showing i n t e r f e r e n c e  c o l o r s .  The uranium i s  t o  be 
tho rough ly  r i n s e d  w i t h  demine ra l i zed  water t o  remove a c i d  res idues a f t e r  
p i a  1 i ng .  
4.  QUALITY ASSURANCE P R O V I S I O N S  
4.1 R e s p o n s i D i l i t y  f o r  Tes t i ng .  Tne s u p p l i e r  s h a l l  De 
r e s p o n s i b l e  f o r  pe r fo rm ing  a l l  t e s t s  and inspec t i ons  r e o u i r e d  by t h i s  
s p e c i f i c a t i o n ,  except t he  oxygen, n i t r o g e n  and hydrogen analyses, which 
S h a l l  De performed by t n e  F a b r i c a t o r .  
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4.2 
and t e s t e d  i n  accordance w i t h  t h e  reaui rements o f  4.3. 
Sampling. The uranium meta l  f rom each l o t  s h a l l  be sampled 
4.3 Acceptance Tests. The f o l l o w i n g  t e s t s  s n a l l  be conducted on 
a l l  l o t s  o f  m a t e r i a l .  
4.3.1 I s o t o p i c  Composit ion. The i s o t o p i c  composi t ion o f  each l o t  
of uranium meta l  s h a l l  De determined by mass spect rographic  a n a l y s i s  o r  
ea u i v a 1 ent  metnod. 
4.3.2 Chemical Composit ion. The chemical composi t ion and 
i m p u r i t i e s  s h a l l  be determined on each l o t  o f  m a t e r i a l .  The r e s u l t s  s h a l l  
be i n  conformance w i t h  3.3. 
' 4.4 C e r t i f i e d  Reports.  C e r t i f i e d  r e p o r t s  on uranium s t a r t i n g  
s tock Snobing conformance t o  t h i s  S p e c i f i c a t i o n  s h a l l  be ob ta ined  
s u p p l i e d  t o  t n e  Purchaser b e f o r e  t h e  m a t e r i a l  i s  used i n  f a b r i c a t  







1 .  
SPECIFICATION FOR ALUMINUM STOCK USED FOR 
SYNTHESIZING URANIUM ALUMINIDE 
SCOPE 
This specification covers the aluminum s t o c k  used in the 
preparation o f  uranium aluminide (UA1 X ) .  
2. APPLICABLE DOCUMENTS 
None. 
3. TECHNICAL REQUIREMENTS 
3.1 Physical Properties. Tne aluminum metal shall b e  in rod, 
sneet or plate form. 
3.2 Cnemical Composition. The aluminum content o f  the metal 
shall be 99.95% minimum. 
3.3 Clean ing .  All aluminum material Shall be pickled and/or 
degreased to remove visually detectaole oxides or other surface deposits. 
The aluminum is t,o be thoroughly rinsed with deminerallzed or distilled 
water to remove pickling agent residues after pickling. 
4. QUAL I TY AS SURA NC E PROV IS I ON8 
The results o f  all tests snall be recorded as auantitative 
data. 
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4 . 1  Sampling. Tne aluminum meta l  f rom each l o t  used i n  t h e  
p r e p a r a t i o n  of  U A l x  S h a l l  be sampled and t e s t e d  i n  accordance w i t h  t h e  
reouirernents o f  4.2. 
4.2 Acceptance Tests .  The i m p u r i t i e s  s h a l l  be determined on 
each l o t  of m a t e r i a l .  
Paragrapn 3.2. 
Tne r e s u l t s  s h a l l  De i n  conformance w i t h  
3 . 3  C e r t i f i e d  Reports.  C e r t i f i e d  r e p o r t s  on aluminum s t a r t i n g  
stock snowing conformance t o  t h i s  S p e c i f i c a t i o n  s n a l l  be ODtained and 
suomi t ted t o  t h e  Program Manager b e f o r e  t h i s  m a t e r i a l  i s  used i n  f a b r i c a t e  




ATTACHr;;ENT V I  
1. 
SPECIFICATION F O R  U R A N I U M - A L U M I N I  DE POWDER 
FOR ELAF FUEL P L A T E S  
SCOPE 
This Specif icat ion covers uraniuin-allJTninide ( l l A l x )  pow:jc:r- 
f o r  use i n  f a b r i c a t i n g  dispersion-type nuclear Fuel P l a t e s ,  a n d  i t s  
m an uf a c t ur e. 
1.1 ___-_.__- Classif icat ion.  The uraniurn-aluminide powder shal i hr-i of 
t h e  following types,  as  specif ied (see p a r a g r a p h  6 . 2 ) :  
Type I - Predominately U A 1 3  (%71 w t . %  U )  
Type I 1  - Predominately UA12 ( r ~  80wt.g U) 
2 .  A P P L  I CABL E DOCUMENTS 
The following documents form a p a r t  of t h i s  Specif icat ion 
except as modified b y  t h i s  Specification. 
between the documents c i t e d  a n d  the l a t e s t  revis ion thereof,  the  Supplier 
s h a l l  n o t i f y  t h e  Purchaser o f  the  c o n f l i c t  and  use t h e  l a t e s t  r e v i s i o n  
unless otherwise directed by the Purchaser. 
\Jhere there  i s  a c o n f l i c t  
ASTM B 214  Method of Test f o r  Sieve Analysis of  
Gr anul  a r  Met a1 Powder 
ASTlil 8 212 Test f o r  @parent Density of Metal 
Powders 
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3 .  
ASTM D 480 
IDO-14605 
R EQUI REPENTS 
Aluminum Powder and Paste Sampling and 
Te s t i ng 
Annual Report  o f  D i v i s i o n  Chemistr y 
A n a l y t i c a l  Branch f o r  1962 
M a t e r i a l s .  The u r  i c hrne n t -3 . 1  
va lues o f  t h e  uranium-alurn in ide s h a l l  ti 
s h a l l  he sucti t o  conply w i t h  t h i s  S p e c i f i c a t i o n .  
c o q j o s i t i o n  shal  1 b e  reported t o  t h e  Purchaser a n d  s h a l l  comply w i t h  t h i s  
Sp ec i  f i c  a t  i on. 
r t e d  t o  t h e  Purchaser and 
The aluminum a l l o y  
3.2 Conpos i t i on. 
3 : Z . l  Uranium I s o t o p i c  Co@osi t i o n .  The uranium i s o t o p i c  
c o m p o s i t i o n  s h a l l  b e  d e f i n e d  as f o l l o w s i  
A t  t h e  95% con f idence  l e v e l ,  t h e  uranium-alumin ide s h a l l  
have t h e  f o l l o w i n g  i s o t o p i c  compds i t i on .  
U-235 Content  93.0% f. 1.0 w t . %  o f  t o t a l  U 
U-238 Content 6.0% - t 1.0 fit.% o f  t o t a l  U 
U-236 Content  0.700 rnax. w t . %  o f  t o t a l  U 
U-234 Content 1.2 rnax. w t . 3  o f  t o t a l  U 
3.2.2 Chemical Composit ion. A t  t h e  95% con f idence  l e v e l ,  t h e  4 
t of t h e  u r a n i u r n l a l  s h d l l  be: 71.0 - + 2.0 w t . %  
f o r  Type I and 80.0 - + 1.0 wt.% f o r  Type 11. ba lance  o f  t h e  chemical  
i t i o n  s h a l l  b e  aluminum as s p e c i f i e d  i n  S e c t i o n  3 . 2 . 2 ( 1 ) .  
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( 1 )  Uranium-Aluminide I m p u r i t y  Content.  The 
u ran ium-a lumin ide  s h a l l  c o n t a i n  no more t h a n  t h e  f o l l o w i n g  amounts o f  
i n d i v i d u a l  i m p u r i t i e s .  
Element Maximum A l l o w a b l e  Amount 
Oxygen 0.60 w t . %  
Carbon 0.18 w t  .% 
N i t r o g e n  0.045 w t  .% 
Hydro gen 0.020 w t  .% 
N o n v o l a t i l e  m a t t e r ,  minimum 99.0 w t . %  
E a s i l y  e x t r a c t e d  f a t t y  and 
o i l y  m a t t e r ,  maximum 0.2 w t  
The t o t a l  i m p u r i t y  c o n t e n t  s h a l  
boron  c o n t e n t  ( E B C )  o f  30 p a r t s  p e r  m i l l i o n  on 
u r  an i um. 
% 
n o t  exceed t h e  e o u i v a l e n t  
a we igh t  b a s i s  r e l a t i v e  t o  
The EBC o f  each element S h a l l  be c a l c u l a t e d  oy t h e  f o l l o b i n g  
f ormul a: 
EBC ( i m p u r i t y )  = EBC ppm x i m p u r i t y  ppm 
‘Tne fo l l obv ing  l i s t e d  elements s h a l l  De i n c l u d e d  i n  t h e  
c a l c u l a t i o n  o f  t h e  EBC. 
ana lyses  of t n e  uran ium-a lumin ide  powder f o r  t h e  elements l i s t e d  below. 
The S u p p l i e r  s h a l l  make and r e p o r t  i m p u r i t y  EBC 
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BORON EOUIVALENTS FOR I M P U R I T I E S  I N  URANIUM 
E BC 
I m p u r i t y  PPM 
_ .  
B a r i  urn 
Bery l  11 urn 
Boron 
Ca l c i  um 
Ca drni um 
Cn rom i urn 
CoDa 1 t 
Copper 




Mo 1 ybdenum 
N icke l  
Phosphorus 
S i  1 i c o n  
S i  1 ver 
T in  
Tungsten 
Vanad i urn 
Zinc 
Z i r con  i um 
Samari urn 
Eu rop i urn 
































3.3 - Physical -- Properties. 
3.3.1 Particle Size. The uranium-aluminide powder shall be -100, 
t325 U.S. Standard mesh particles. However, a blend may contain up to 
25 wt.% of -325 U.S. Standard mesh particles. 
3.3.2 Cr,ystalline Constituents. .- The finished ground and sized 
uranium-aluminide powder shall contain at least 65 wt.% U A I 3  if Type I or 
70 wt. % UA12 if Type 11. 
3.3.3 Powder Density. Bulk and powder density values will be 
determined and provided for information purposes only .  
4. QUAL I TY ASSU RANCE PROV I S IONS 
4.1 - General Quality Assurance Provisions. 
4.1 .1  Performance of Inspections and Tests. Unless otherwise 
specified in the procurement documents, the Supplier is responsible for the 
performance of a l l  inspections and tests to the requirements of 3.2 and 
3.3, prior t o  submission of the acceptance sample f o r  Purchaser i n s p e c t i o n  
and acceptance. 
4.1.2 Results o f  Examinations and Tests. Unless otherwise 
specified, the Supplier may utilize his own facilities or any commercial 
'laboratory acceptable to the Purchaser. Results of a17 examinations and 
tests performed under the Quality Assurance Section shall be complete and 
supplied to the Purchaser. 
A 
r 4.2 Classification o f  Tests. All tests required herein for 
product assurance are classified as acceptance tests, for which necessary 
sampling techniques and methods of testing are specified in this section. 
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4.3 Inspec t  i o n  P r o v i  s ions .  
X 
4.3.1 Batch. The amount o f  uranium-aluminum i n t e r m e t a l l i c  U A l  
powder m i x t u r e  wh ich  i s  hand led  as a U n i t  o r  t r a c e a b l e  t o  a common s tep .  
Eacn p r o d u c t i o n  o u a n t i t y  which i s  b lended t o g e t h e r  t o  f o r m  t h e  Batch w i l l  
have t h e  same chemisal  and p h y s i c a l  C h a r a c t e r i s t i c s .  
4.3.2 Samplinp. A 
s n a l l  De taken  by t h e  suppl  
de te rm in ing  i s o t o p i c  compos 
4.4 i n  spec t i on. 
documents, a l l  Sam 
retyuirements o f  t h  
t n i s  S p e c i f i c a t i o n  
be r e j e c t e d .  
r e p r e s e n t a t i v e  sample of uranium-alurninide 
e r  f rom each b a t c h  f o r  t n e  purpose o f  
t i o n ,  chemical  and p h y s i c a l  p r o p e r t i e s .  
Unless o t h e r w i s e  s p e c i f i e d  i n  t h e  procurement 
t o  de termine compl iance w i t h  t h e  l e s  r h a l  be ana lyzed 
s S p e c i f i c a t i o n .  Any 
as de termined by  ana 
Batch t h a t  does n o t  con form t o  
y s i s  o f  the sample (4.3.2),  s n a l l  
4.5 Tes ts .  
4.5.1 I s o t o p i c  Composi t ion.  The i s o t o p i c  compos i t i on  o f  t h e  
uran ium-a lumin iae  s h a l l  be de termined f o r  compl iance w i t h  paragraph 3.2.1. 
The t e s t  metnod s h a l l  be by  mass spec t rog raph ic  a n a l y s i s  o r  e a u i v d l e n t .  
4.5.2 Chemica-1 Composit ion. The uranium and alwnil ium c o n t e n t  of 
t h e  uran ium-a lumin ide  powder s h a l l  be determined f o r  compl iance w i t h  
paragraph 3.2.2. 
( 1 )  I m p u r i t y  Content.  The i m p u r i t y  c o n t w t  o f  t h e  
uran ium-a lumin ide  powder s h a l l  De de termined f o r  compl iznce w i t h  t h e  
reau i rements  of  3 .2 .2 (1) .  A n a l y s i s  s h a l l  be per fo rmed f o r  a l l  o f  t h e  
elements l i s t e d  i n  t n i s  s e c t i o n ,  b o t n  m e t a l l i c  and n o n m e t a l l i c .  Samples 
s h a l l  be as s p e c i f i e d  i n  4.3.2. I f  t h e  presence o f  elemer!ts 9 t h e r  than  
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t hoke  s p e c i f i e d  i s  suspec ted  Decause o f  t h e  raw m a t e r i a l s  used, t h e  
manu fac tu r ing  p rocess  used, o r ,  i f  d i s c o v e r e d  i n  t h e  cou rse  o f  r o u t i n e  
a n a l y s i s ,  f u r t h e r  a n a l y s i s  s h a l l  De made t o  de te rm ine  t h a t  t h e  e a u i v a l e n t  
bo ron  c o n t e n t ,  EBC, does n o t  exceed t h e  s p e c i f i e d  l e v e l  o f  30 ppm. Tes t  
metnods f o r  . n o n v o l a t i l e  m a t t e r  and e a s i l y  e x t r a c t e d  f a t t y  and o i l y  m a t t e r  
a re  g i v e n  i n  ASTM D 480. 
4.5.3 P hyS i ca 1 P r o p e r t  i e s . 
( I )  P a r t i c l e  S i z e .  To assure  adeauate d i s t r i b u t i o n  o f  
p a r t i c l e  s i z e  range,  t n e  u ran ium-a lumin ide  powder s h a l l  be t e s t e d  f o r  
comp l iance  w i t h  3.3.1 i n  accordance w i t h  ASTM 6 214. 
( 2 )  C r y s t a l l i n e  C o n s t i t u e n t s .  The c r y s t a l l i n e  c o n s t i t u e n t s  
of t h e  u ran ium-a lumin ide  powders s h a l l  be de te rm ined  b y  x - r a y  d i f f r a c t i o n  
a n a l y s i s .  
( 3 )  Fuel D e n s i t y .  The b u l k  f u e l  d e n s i t y  s h a l l  be 
de te rm ined  i n  accordance w i t h  ASTM 6 212. The a b s o l u t e  p a r t i c l e  d e n s i t y  
s h a l l  D e  de te rm ined  by  h e l i u m  d i sp lacemen t  as d e s c r i b e d  i n  IDO-fS605, 
page 91.  ( T h i s  document i s  a v a i l a D l e  f r o m  O f f i c e  of T e c h n i c a l  Se rv i ces ,  
U.S. Depar tment  o f  Commerce, Washington 25, D.C.) 
( 4 )  F low Rate .  The f l o w  r a t e  o f  t h e  f u e l  powder s h a l l  be  
de te rm ined  i n  accordance w i t h  ASTM B 213. The d r y i n g  s t e p  c a l l e d  f o r  i n  
t h e  p rocedure  s h a l l  De conducted  under  vacuum TORR o r  b e t t e r )  
i n s t e a d  o f  a i r .  
4 .6  Repor t s  o f  T e s t s .  Tne f o l l o w i n g  c e r t i f i e d  t e s t  r e p o r t s  




( a )  Ana 
uranium-aluminde. 
(D) Ana 
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t s  on raw m a t e r i a l s  used t o  prepare 
t s  on f i n i s h e d  ground and s i z e d  U A l x  
f u e l  powder. Tnese r e s u l t s  s n a l l  i n c l u d e  ( 1 )  uranium con ten t ,  ( 2 )  aluminum 
content ,  ( 3 )  i m p u r i t y  con ten t ,  ( 4 )  c a l c u l a t e d  e q u i v a l e n t  bororr con ten t  o f  
i m p u r i t i e s ,  ( 5 )  i s o t o p i c  composi t ion,  ( 6 )  amount o f  n o n v o l a t i , l e  ma t te r ,  and 
( 7 )  t h e  amount o f  e a s i l y  e x t r a c t e d  f a t t y  and o i l  ma t te r .  
( c )  The r e s u l t s  o f  p h y s i c a l  p r o p e r t y  de te rm ina t ions  made on 
t h e  f i n i s h e d  ground and s i z e d  U A l x  f u e l  powders. These r e s u l t s  s h a l l  
i n c l u d e  ( 1 )  x - ray  d i f f r a c t i o n  r e s u l t s ,  ( 2 )  bu l k  d e n s i t y ,  ( 3 )  p a r t i c l e  
dens i t y ,  ( 4 )  s i e v e  a n a l y s i s ,  and ( 5 )  f l o w  r a t e .  
4.6.1 C e r t i f i e d  Reports.  C e r t i f i e d  r e p o r t s  o f  t he  uranium and 
aluminum s t a r t i n g  m a t e r i a l s  and uranium-aluminide pocders which t h e  
S u p p l i e r  accepts S h a l l  be k e p t  complete and made a v a i l a b l e  t o  t h e  Purchaser. 
5.  PREPARATION OF DELIVERY 
5.1 Packaging. Packaging o f  t h e  uranium-aluminide S h a l l  be i n  
accordance w i t h  a p p l i c a b l e  DOE and DOT r e g u l a t i o n s  c o v e r i n g  t h i s  t y p e  o f  
m a t e r i a l  and as s p e c i f i e d  i n  t h e  procurement documents (see Sec t ion  6 . 2 ) .  
5.2 Marking. I n  a d d i t i o n  t o  DOE marKing requi rements f o r  t h i s  
t ype  of m a t e r i a l ,  t h e  o u t s i d e  o f  each c o n t a i n e r  s h a l l  De marked c l e a r l y  
w i t h  t h e  f o l l o w i n g  i n f o r m a t  
a. M a t e r i a  
b .  Number, 
on: 
t y p e  
da te  o f  t h i s  S p e c i f i c a t l o n  
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c. Manufacturing Lot number 
d. Net weight of uranium-aluminide (UAlx) and calculated 
weights of uranium arid U-235. 
e. Purchase order number. 
6. NOTES AND DATA 
6.1 Quality Verification Test Results. Six (6) copies of the 
certified test results (see Section 4.6) shall be submitted t o  tne 
Purchaser prior to the shipment o f  any material. 
shall accompany the shipment as a packing slip. 
results must be sampling, analytical and ouality control procedures; a 
statement as to the estimated accuracy and precision of the test values and 
development and production data in support of the accuracy and precision 
O w  copy o f  such reports 
Included in the test 
est ima t e. 
I 
6.2 Ordering Data. Tne procurement documents shall specify the 
fol lollring: 
a. Title, number, date of this Specification 
b. Type of uranium-aluminide powder (see 1.1) 
c. Percent of U-235 enrichment ( s e e  3.2.1) 
d. Packaging reouirements (see 5.1). 
6.3 Accountability. Forms for tne transfer of the 
accountability and tne financial responsibility for the nuclear material 





S P E C I F I C A T I O N  FOR BORON CARBIDE POWDER 
FOR ELAF PLATES 
I 
1.1 Scope. T h i s  S p e c i f i c a t i o n  cove rs  t h e  requ i remen ts  f o r  a 
n i g h  boron grade of  Doron c a r b i d e  powder f o r  use i n  n u c l e a r  r e a c t o r  f u e l .  
2. AP PL I CABL E OOCUME NTS 
! 
2.1 Standards, S p e c i f i c a t i o n s ,  Drawings and Attachments. The 
f o l l o w i n g  documents f o r m  a p a r t  o f  t h i s  S p e c i f i c a t i o n  excep t  as m o d i f i e d  by 
t n i s  S p e c i f i c a t i o n .  
SPECIFICATIONS 
American S o c i e t y  f o r  T e s t i n g  and M a t e r i a l s  (ASTM) 
ASTM B 214 Method o f  Tes t  f o r  Sieve A n a l y s i s  
o f  Granu la r  Me ta l  Powders 
3 .  REQUIREMENTS 
3.1 Chemical Composi t ion.  Tne boron c a r b i d e  (B4C) covered oy  
t h i s  S p e c i f i c a t i o n  s h a l l  have a chemical  compos i t i on  w i t h i n  t h e  l i m i t s  
s h o w  i n  Tab le  I .  
3.2 P a r t i c l e  S i ze .  A l l  o f  t h e  boron c a r b i d e  powder s h a l l  pass  
th rough a 325-mesh U.S. Standard s ieve .  
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1 
E 1 emerl t 





Boron , ( t o t a l  ) 
Carbon 
Boron p l u s  carbon 
B203 
So lub le  ooron 
6oron/caroon atom r a t i o *  
Iron 
A 1  umi num 
Calc i um 
Magnesium 
Mo i s t ure 
14 w t %  
76.5 w t %  
19 22 w t %  
98 -- w t %  
--  0.3 w t %  
0.5 Irt% 
-- 4.75  
0.5 w t %  
0.2 w t %  
0.25 w t %  
0.05 w t %  
0.02 w t %  
* B / C  atom r a t i o  = k t  ( t o t a l  B - So lub le  B )  - W t  C 
10.81 12.01 
= Wt ( t o t a l  B - S o l u  B )  x 1.111 
W t  carbon 
4. Q U A L I T Y  ASSURANCE P R O V I S I O N S  
4.1 Test Resu l t s ,  Tne r e s u l t s  o f  a l l  t e s t s  s h a l l  be recorded a s  
a u a n t i t a t i v e  data.  
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4.2 Sampling. The powder f r o m  each l o t  used s h a l l  be  t e s t e d  f o r  
conformance w i t h  t h e  r e a u i r e m e n t s  o f  t h e  S p e c i f i c a t i o n .  
4.3 Acceptance Tes ts .  The f o l l o w i n g  t e s t s  w h a l l  be conducted  on 
a l l  l o t s .  Noncompliance s h a l l  be cause f o r  r e j e c t i o n .  
4.3.1 I s o t o p i c  Compos i t ion .  Tne i s o t o p i c  c o m p o s i t i o n  o f  t h e  B4C 
s h a l l  De de termined by mass s p e c t r o g r a p h i c  a n a l y s i s  o r  a metnod approved ~y 
t h e  Purcnaser .  T re  6-10 i s o t o p e  c o n c e n t r a t i o n  s h a l l  be i n  conformance w i t h  
3.1. 
4.3.2 Chemical Compos i t ion .  The chemica l  c o m p o s i t i o n  ana 
i m p u r i t i e s  s h a l l  De de te rm ined  by s t a n d a r d  a n a l y t i c a l  t echn iaues .  The 
r e s u l t s  s h a l l  b e  i n  conformance With t h e  r e a u i r e m e n t s  o f  3.1. 
4.3.3 P a r t i c l e  S i z e  o f  Powdered M a t e r i a l .  The p a r t i c l e  s i z e  of 
t h e  m a t e r i a l  s h a l l  be  de te rm ined  i n  accordance w i t h  t h e  r e a u i r e m e n t s  o f  
ASTM B 214-66. Tne r e s u l t s  s h a l l  be i n  accordance w i t h  3.2. 
4.3.4 C e r t i f i e d  Repor t s .  C e r t i f i e d  r e p o r t s  o f  r e s u l t s  showing 
conformance w i t h  t h i s  s h a l l  De o b t a i n e d  and s u b m i t t e d  t o  t h e  Purchaser  
b e f o r e  t h i s  m a t e r i a l  i s  used t o  f a b r i c a t e  f u e l .  
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